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Introduction
Polarised neutron diffraction provides a means of obtaining the three partial structure factors (PSF) for ferromagnetic binary metallic glasses in a single experiment on a single specimen. In these polarised beam experiments, the magnetic moments are aligned with the aid of an external magnetic field H applied first perpendicular (H J_ Q) and then parallel (H j| Q) to the scattering vector Q. The relations between the coherent scattering cross sections and the Faber-Ziman [1] PSF corresponding to the two spin states (±) of the neutron in these two configurations are given by the following equations, (see for example reference [2] Figure 1 The differential cross-section doi do curves for Fes3B17 glass a) aL ; b) all ; c) simultaneous equations. It will be seen that in the first two cases the scattering is the sum or difference of magnetic and nuclear processes, and in the latter case is the nuclear scattering alone. Usually the rapid decrease of the magnetic form factor with increasing Q means that reliable PSF can be obtained only at relatively small Q values, as in the case of COP [ 3 ] and COB [4, 5] amorphous metals studied previously -while for the special case of Fes3B17 glass studied here, the tiny value of the coefficient of the PSF SBB(Q) means that it is practically impossible to obtain information about metalloid-metalloid correlations in this glass. On the other hand, the polarised neutron diffraction method allows the magnetic neutron scattering to be isolated, and this contains information about the magnetic moment and the magnetic form factor.
Experimental method and data analysis
A sample of Fe83B17 was prepared by argon arc melting spectroscopically pure iron with boron powder enriched to contain 98.6% of llB. Material from the parent ingot was melt-spun to produce metallic glass ribbon which was wound on to a narrow bobbin to make a flat sample for the neutron experiments. These were performed at room temperature using D5 spectrometer at ILL, Grenoble, with the specimen in a field of 10kG. The experimental procedure followed the method [3] explained in detail by Bldtry [2] . The data for the two spin states, (+,-) were obtained by regular sequential flipping of the incident beam polarisation, but i$ was necgssary to use two different values of incident neutron wavelength (1=0.840A,A=0.500A) in order to record scattering to reasonable values of Qmax for both magnetic field configurations because the geometry of the magnet yoke severely limited the maximum scattering angle available.
The method of data analysis also followed that proposed by Bl6try [2, 3] . First, the observed intensity must be corrected for natural background, absorption, geometrical and polarisation effects, and this analysis is made separately for each incident wavelength. The corrected intensity is then proportional to the total scattering cross-section, which is composed of coherent, Laue, incoherent and multiple scattering contributions. do do do do do
The coefficient of proportionality between the corrected scattering Icorr(Q) and the scattering cross-section per atom can be determined from the I , , , , ( Q ) curves at large Q, where the curves oscillate about a constant value, and from the small Q data, where the curves take certain limiting values [ 2 , 3 ] . After appropriate scaling, the coherent part of the cross-section can therefore be isolated by subtracting away the Laue, incoherent, and multiple scattering terms. In these experiments, the Laue terms have the values given below,while the latter two terms can be evaluated in the usual way.
-~a u e = cFecB(bFe-bB)Z for H II Q The coherent scattering cross-section for the X /I Q is shown in figure lb. Whilst the same overall scaling procedures are used with the data obtained with H~Q , the derivation of the coherent scattering cross-section can depend quite critically on the choice of magnetic form factor f(Q).
We have derived the normalised curves on a trial and error basis [2,31 using the parameterised magnetic form factors for iron given by Lisher and Forsyth [6] -which is similar to the experimentally obtained form factor for metallic iron [7] . In our analysis the form factor was modified by a width parameter W, which is introduced to account for the broadening of f(Q) in this amorphous sample [2, 3] . In the case of the 11 jl Q data, the nuclear scattering is isotropic, and a total structure factor S(Q) can be defined in the conventional way (and related to the PSF's already given in equation 2), * coh = <b>2 S(Q). A consequence of this is doll that the curve shown in Figure Ib is, : f course, of similar form to the structure factor curves obtained for this glass with unpolarised neutron beams, and x-rays, and has the characteristic sharp first peak, second peak with shoulder and welldefined third peak. These basic features are repeated in cross-section curves for the 2 1~ data, (la and Ic) where the differences between the do+/dS2l and do-/dS21 curves is much less marked than for the Co-P [2, 3] and Co-B [4, 5] examples studied elsewhere. This is a consequence of the larger nuclear scattering length of iron, in comparison with cobalt.
Using data from the graphs in figure 1, in the equation 1 and 2, enables the PSF's to be obtained. The curves for SFeFe(Q) and SFeB(Q) are shown in fieure 2.
Discussion
The curves and numerical data obtained in this study are roughly consistent with , and a combination of x-ray and neu$ron diffraction for FessBl7 glass E91. The iron-iron distance obtained here (2.60A) is slightly larger than th$t derived by Fujiwara et a1 [9] , but it is close to the Goldschmidt diameter (2.548).
The iron-boron distance is almost the same as that given in 191, and is close to the mean of the Goldschmidt diameter of iron and twice the tetrahedral covalent radius of boron (eg 2.15x). These characteristic interatomic distances for metal-metal and metal-metalloid atoms which are obtained by simple addition of atomic radii, also occur in the related transition metal-metalloid amorphous alloys, such as COP [2, 3] , COB [4, 5] , NiB [lo] and Pd-Si [ I l l and point to the possibility of common short range atomic structures. Gaskell has suggested [I21 that his "local coordination model" may be applied to two kinds of local structure, the Fe3C type and the Fe3P depending upon the possible stable crystalline structure of the glass involved and has proposed that the TM-met correlation function curve should be a sensitive indicator of this kind of order. According to this criterion the symmetrical first peak of the GF,B(~) curve suggests that the local coordination of Fe83B17 glass may be similar to the Fe,P type. This is consistent with the observation of a metastable Fe3B phase of the Fe,P type in glassy FeB alloys [I31 -although there seems to be dispute about the structures of the crystalline phases in this system. There are in fact two differences between the Fe3C and Fe3P local structures, first in the degree of distortion in the trigonal prisms, and secondly in mode of connection between neighbouring prisms [12] . As a simple check on these ideas of local coordination we have used the Debye equation applied to trigonal prisms, alone and connected, to simulate total and partial structure factors. Even at this simple level, the calculations appear to show that the choice of prism is more important than the mode of connection between neighbours. The experimental structure factors ST,~(Q) and Table 1 peak positions and coordination numbers obtained from the structure factors, the reduced RDF's and the RDF's of some Fe-B glasses.
The error bars on these curves are derived on the assumption of a possible 10% error (f5%) on the starting curves of figure 1. Since weighting term for the SBB(Q) PSF is of the order of 0.01 it will be realised that it is not possible to obtain this PSF with any reliability, and this was confirmed in that the error bars oscillated through +15 for this partial. In fact, the two PSF's obtained here agree remarkably well with approximate curves derived from unpolarised neutrons, and x-ray data, obtained by neglecting SBB(Q) (Dini, Cowlam and Davies, to be published). These latter curves are shown as an insert to figure 2. and GFeB(r) respectively, and numerical parameters extracted from the PSF, EBr) and RDF curves are given in Table 1 , together with the corresponding results obtained by other workers [8, 9] . However, the figure and Table 2 shows that Fe,P units give measurably better agreement for S eB(Q), which supports Gaskell's assertion that the TM-met partial may be particularly helpful in determining local structure type [I 2 I .
Peak positions in S(
To return finally to the magnetic scattering intensities, the value of the magnetic moment per iron atom in Fee3B17 glass, and the value of the width parameter W of the magnetic form factor were obtained in the normalisation procedure, and found to be 1 . 7 5~~~ and 0.80 respectively. This magnetic moment value when used with the experimental curve for M(T)/M(O) of this glass [14] leads to a saturation value of 2.16pB/iron atom. There is, in fact, some slight disagreement between published values of saturation moment for Fe-B glasses, and our present value favours the slightly higher values of moment measured most recently [15, 16] in rather higher values of applied magnetic field, and which appear to be consistently some 4%
greater than values obtained in earlier measurements [14, 17] . However, it is true that different values of magnetic moment will be obtained from bulk magnetisation and from neutron measurements, as the former technique is sensitive to contributions to the magnetic moment from both s and d electrons, while the s-electron contribution to the magnetic moment is, for glassy samples, essentially inaccessible. In crystalline transition metals the s-electron spin polarisation is usually oppositely directed to the main d-electron contribution, and Bletry and Sadoc [3] , commenting on the relatively large value of magnetic moment obtained by them for amorphous . . ---.
- Table 2 Observed and calculated peak positions in SFe~(Q) obtained using the Debye equation applied to small structural unlts. [7] , so that no similar interpretation concerning the negative polarisation can be placed on our present data. The value of width parameter W agrees with that for amorphous Co-P, namely W=0.76 [3] and both of these figures imply a significant localisation of the magnetic electrons. The result is also consistent with experiments on crystalline Fe,P [18] . In principle, these experiments on amorphous specimens should give more reliable values of W than the crystalline counterparts, because the magnetic scattering is sampled over a continuous range of Q values, rather than at the specific Q values associated with crystalline Bragg peaks.
